Physical modeling due to its simulation ability of real conditions has been developed as a proper method to study engineering issues. In this paper after the introduction of usual physical modeling systems in geotechnical engineering, we focused on a low known device of physical modeling in geotechnical practice, especially applicable in deep foundations. It is named Frustum Confining Vessel (FCV) that is one of the calibration chamber forms. It can apply high stress level by a relatively linear stress distribution. Thus, it can simulate actual states for piles in laboratory controlled conditions. The FCV test results can be used for real project by multiply scale factors. Scale factors can be explained by dimensional and similar analyses in every model and apparatus. In this study the relatively largest size of FCV among others in the world, which called FCV-AUT, was used to study physical purposes. Several various model piles (deep foundations) were made by 4 mm thick steel plate with height of 750 mm. All model piles tested in Babolsar sand as surrounding soil via FCV, and two full scale piles tested in similar conditions in the field. The experimental results and outcomes indicated the FCV can be used as a suitable device for physical modelling aims. Thus, it can be realized the FCV is more effective than simple and calibration chambers as well as laminar boxes and more economic than centrifuges.
Introduction
Physical modeling which recognized as a method to study engineering problems can simulate real conditions in experimental researches. It can be explained by dimensional and similar analyses and can be compared and generalized to executive projects. The system has been used from many years ago. For example, in ancient Egypt, Iran and Rome, some small scale structures were made to investigate civil problems. In new era after the Second World War, some researchers applied physical modeling to study civil engineering projects, including structural, geotechnical, hydraulic structures and etc. Nowadays, physical modeling has a very important role in understanding interactions behavior, especially in dynamic states [1] .
According to Azizi (2000) , fundamental principle of physical modeling is simulation of actual structures conditions [2] . It must be provided by using modeling systems to create similar conditions on small scale models. Thus the most important requirement of simulation theory can be geometric, kinematic and dynamic similarity to the original structure. So, several rules are established that correlate the experimental and original models. The Equation (1) can be written when simulation theory between the model and prototype is run [3] . 
where p P and m P are prototype and model dimensions, respectively and N that is called "scale factor", is defined to convert original properties to model properties. Table 1 indicates some scale factors that are more used in geotechnical modeling.
Existence of accurate measuring instruments for recording of displacements, forces, accelerations and other quantities caused further attention to modeling. Various types of physical modeling in civil engineering designed and developed. In each project one of these modeling types is selected due to the project engineering requirements, costs, construction limitations, time and etc. Physical modeling usage in civil projects is inevitable, so, different physical modeling sets and tests were recognized and developed. The main question of this research can be a device introduction for physical modeling, especially applicable in piles.
In this paper a physical modeling system for piles that is called FCV is introduced and results of several piles testing by FCV are compared with full scale tests. We tried to show FCV accuracy and advantages. First physical modeling devices for pile testing are introduced in Section 2, and then FCV is described in 3 and FCV-AUT as test vessel is introduced in Section 4.
Physical Modelling for Piles
Physical modeling is a very important and complex method for study of deep foundations that is taken into consideration since the mid 50 s for geotechnical engineers. This method although takes more time and cost in compare with numerical modeling, but physical model in more used because of intense implications of numerical modeling.
Physical modeling can be performed in several systems include: simple chambers (1 g), calibration chambers (CC), laminar shear box, centrifuge apparatus (ng) and frustum confined vessel (FCV). Almost all of models in these procedures are made smaller than actual structures and few studies carried out in full scale. Popular devices are introduced in the next, succinctly. Figure 1 . 
Physical Modelling by Calibration Chamber
According to Baziar and different soil parameters [6] . Since its early development in the late 1960s, the calibration chamber has been an important research tool to study soil and foundation interactions. As Zare and Eslami (2014) confirmed, it can be used as well for modeling some tests like CPT and PMT [7] . In calibration chambers modeling, lateral and vertical stresses level can be increased; however, the creation of constant lateral stresses did not produce realistic stress gradients, especially the linear increase of stresses with depth which generally govern the axially loaded piles. So, to overcome some shortcoming, centrifuge modeling has been evolved.
Ghionna and Jamiolkowski (1991) listed many calibration chambers all over the world and investigated various boundary conditions in this system [8] . 
Physical Modelling by Geotechnical Centrifuges
Geotechnical centrifuge modeling provides a proper tool to analyse geotechnical 
Physical Modelling by Laminar Box
Use of flexible walls for soil modeling was recognized since 1970s years. During these years some researchers designed various wall systems. Hushmand (1988 and developed it to a multi layered box which horizontal movements imposed on various levels of the devices [14] - [19] . According to Ahmadi, Eslami and Arabani (2016), now, at being time the laminar boxes usually insist of a series of laminar segments, each 50 mm or less in height, which can freely move over each other in one direction. For model loading a jack is provided on the top of the box. It transfers a vertical constant load over the surface of soil placed in the box. This loading jack can be used to simulate the loads and settlements of a small scale model on soil while the box is subjected to lateral cyclic shakings. A data acquisition system is attached to the box to record required data [20] .
Eslami et al. designed and constructed a transparent laminar shear box apparatus in Gilan University 1 . A general overview of the box and its accessories is presented in Figure 3 . The presented box has 600 mm in 600 mm in plan and 580 mm in height and hence, can be regarded as a medium scale one [19] . Based on the laminar box details, it can be used to achieve some purposes like:
Physical modeling of shallow foundations, constant and cycling loading, measuring of settlements and vertical movements of soils, observation of failure In this paper a non well-known physical modelling is introduced which named "FCV" that means frustum confining vessel.
Physical Modelling by Frustum Confining Vessel (FCV)
According to Horvath and stole (1996) Frustum Confining Vessel (FCV) is a new apparatus that has been developed for physical modeling of piles [21] . It is a
proper tool for modeling the piles behavior and CPT test. This device is a truncated cone shape that applies a steady pressure on its bottom, so a linear stress distribution is created along its vertical central core. This specification can be the most important advantage of Frustum Confining Vessels (FCV), because it simulates field real overburden and lateral stress conditions. The vertical stress in the soil at the top is zero and it increases with depth to the stress value that applied in the bottom by pressure system [22] . plied to test results. Scaling factors using for FCV, can be calculated by simulation theories, depending on the degree to which it is pressurized. Sedran (1999) reported the factors relevant to FCV as shown in Table 1 . Table 1 . Scaling factors (Sedran, 1999) . According to Sections 2 and 3, FCV is the best suitable chamber for studying piles. Table 2 presented some researches performed by physical modeling. It illustrated that FCV is a proper device for piles physical modeling.
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FCV-AUT
The FCV-AUT focused in this study has been built by Zare The FCV device consists of four major parts such as the frustum body, bottom pressure system, loading system (loading frame, hydraulic hand pump and hydraulic jack) and instrumentation system. Hydraulic jack designed and made to apply tension and pressure loads. Maximum load is 15 tons and maximum displacement is 150 mm. Power of jack, which is designed to apply hydraulic pressure up to 600 bars, is provided by a hydraulic hand pump with a switch valve.
Instrumentation system includes Data Acquisition System (DAS) and sensors.
DAS includes an eight channel data logger, power pack and computer. Sensors include a 10 ton S-shape load cell, an LVDT with 50 mm courses and five soil pressure cells with 1000 kPa capacity. Figure 6 and Figure 7 indicate FCV-AUT system loading of piles and applying base pressure to FCV, respectively. Water container is a 75 liter cylindrical chamber and air compressor has 110 liter capacity which can produce 10 bar pressure of compacted air that is seen in Figure   7 . conditions is a good development in pile testing.
Tests and Results
Test results in this paper illustrated that the FCV can be used for physical mod- 
Discussion and Verification
As discussed in Section 3 the main advantages of FCV was possibility of applying high stress level and a relatively linear stress gradient, proportional to the depth, that can simulates real distribution of stresses in foundations. Tested Open Journal of Geology . According to paper tests, after equivalent of FCV and field tests, it is clearly observed that field results in all cases are more than FCV but the difference is limited to about 15% -20%. It can be caused by sufficient length of field piles that allow soil friction along the outer wall of pile mobilized. So, it was seen this difference is greater in longer piles. Also, in files test, an increase in low displacements is seen that can be caused from test method and measuring.
Conclusions
For physical modeling study, the FCV has advantages including suitable simulation of actual field stress distribution, work conformability and being economic in comparison to simple and calibration chambers, laminar boxes and centrifuges. On the other hand, the most limitations associated with simple and calibration chambers and also laminar boxes can be eliminated when model piles
(deep foundations) are tested in the FCV. Therefore, due to its cost saving, the FCV device presents an efficient and practical alternative to centrifuge devices. 
